Objective: Aims of the study were to measure the thickness of masseter muscle in both males and females of different growth pattern and then to evaluate the relation of thickness of masseter muscle with different growth pattern in both genders.
INTRODUCTION
The effects of muscle thickness on bone morphology can be explained by well known theory which is recognized in the field of biodynamics as Wolff's law. 1 This law points out that the internal structure and the shape of the bone is closely related to function, and defines a relationship between bone shape and muscle function. 2 In order to describe facial morphology, the structure of the facial muscles should be investigated thoroughly to determine the pattern of interaction of the skeleton and muscles. The association between masseter muscle thickness (MMT) and vertical craniofacial morphology seems to here a negative relationship but, in contrast, the association between MMT and craniofacial width appears to be positive.
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Masseter muscle thickness has been measured by various imaging techniques including ultrasound scanning, computed tomography (CT) 7 and magnetic resonance imaging (MRI). 4 Computed tomography was used by Weijs and Hillen 7 to measure masticatory muscle thickness in adults. However, CT has massive radiation exposure and MRI is much costlier. Ultrasonography has been used in recent years in different areas of medicine. It has several advantages over CT and MRI, which makes it suitable for large scale studies. 8 In contrast to CT, ultrasonography has no known cumulative biological effects. It is proven to be a reproducible, simple and inexpensive method for accurately measuring muscle thickness, provided the operator adheres to a strict imaging protocol. 5, 9, 10 Studies regarding thickness of masseter muscle and its association with growth pattern in all the three facial types in both males and females included in one study are few in literature.
11
Therefore, the aim of this study was to first measure the MMT bilaterally in subjects of both gender randomly based on clinical examination and then assess the growth pattern cephalometrically followed by evaluation of any association between MMT and growth pattern in subjects of both genders.
MATERIALS AND METHODS
Ethical approval was obtained for the study from the university ethical committee and all subjects were properly explained about the study and written informed consent for the study was taken. The participants in the study were those subjects who were already enrolled for orthodontic treatment. Masseter muscles thickness was measured bilaterally in all the thirty six subjects (20 females and 16 males) of different growth pattern in both normal and clenched condition on both right and left side after their clinical assessment. All the subjects were also underwent cephalometric assessment for their growth pattern and then were divided into three groups hypodivergents, normodivergents and hyperdivergent. The age of subjects under study were ranging from 15 to 24 years with mean (±SD) 18.60 ± 2.80 years, 20.29 ± 2.89 years and 19.17 ± 1.59 years, in hypodivergents, normodivergents and hyperdivergents respectively (Table 1) .
Subjects with any visible facial asymmetry, history of orthodontic or dentofacial orthopedic treatment in past, any congenital defect in dentofacial or in head and neck region, history of trauma or surgery in orofacial region, history of any neuromuscular disorder, history of pain in masticatory muscle and temporomandibular joint, cases having functional problem like crossbite or bruxism, were excluded from the study.
Ultrasound Procedures
All scans were carried out in the department of radiology of the University. Each subject was examined by the same operator, using ultrasonography machine (Toshiba istyleaplio XG) and high frequency linear (7-12 MHz) probe. A water-based gel was applied to the probe before the imaging procedure.
Copious gel being applied during measurement of MMT to avoid tissue irritation. During imaging procedure, the transducer was held perpendicular to the surface of the skin and special care was taken to avoid excessive pressure. The MMT measurement site was chosen at the thickest part of the masseter, close to the level of the occlusal plane, approximately in the middle of the mediolateral distance of the ramus . The imaging 5 and measurements were performed bilaterally with the subjects seated in upright position ( The ultrasonographic measurements were made directly from the image at the time of scanning. The imaging and muscle thickness measurements were performed two times on each side with an interval of 5 minutes between each measurement. 
RESULTS
When the three groups under study were compared for the thickness of masseter muscle (Table 2) significant association (p < 0.05) was observed between different groups with lower MMT in both normodivergent subjects (< 0.01) and hyperdivergent subjects (< 0.001) as compared to hypodivergent subjects at both sites (right and left) and both positions (normal and clenched). However, the mean MMT did not differed significantly (p > 0.05) between normodivergent subjects and hyperdivergent subjects at both sites and positions (Table 3) .
For each group when we compared the mean MMT between the sites (right vs left) (Table 4) , revealed nonsignificant (p > 0.05) MMT in all the groups and positions.
The MMT for each group during different position (normal vs clenched) showed significant difference (p < 0.05) in hypodivergent subjects and normodivergent subjects and revealed significantly different and higher MMT at clenched positions in both hypodivergents and normodivergent as compared to the respective normal positions (Table 5) . However, MMT did not differ significantly (p > 0.05) between the two positions in hyperdivergent subjects.
Further when we compared the mean MMT for each group between two genders revealed significant (p < 0.05) difference and higher MMT in males in all three groups as compared to respective females (Graph 1). Similarly, for each gender, comparing the mean MMT between the groups (Table 6 ), revealed significantly (p < 0.001) different and lower MMT in both females and males of normodivergents and hyperdivergents as compared to respective females and males of hypodivergents. However, the mean MMT did not differ significantly between both females and males in hyperdivergents compared to normodivergents (p > 0.05).
DISCUSSION
The objective of the study was to determine the relationship between the thickness of the masseter muscle and the vertical growth pattern in young adult in both genders. Various studies have investigated the association between MMT and vertical craniofacial pattern. The facial morphology of subjects participated in those studies were defined by several variables measured either on lateral cephalograms or standardized facial photographs.
5,12,13
In the present study, all subjects were classified into different growth pattern post ultrasonography to minimize subject bias in the study, according to their vertical facial pattern based on their SN-MP angle 14 and then MMT compared according to the relevant group. In the literature, relaxed muscle thickness measurement has been considered less accurate, due to the higher susceptibility to the pressure with which the probe is placed on the cheek during muscle thickness measurement. 5, 8 In the present study, during muscle relaxation, the participants were properly motivated and instructed to maintain light interocclusal contacts but do not clench and where as in other position, the subjects were asked to clench maximally in the intercuspal position. It is possible that this position does not always coincide with maximal muscle contraction, and therefore may not be indicative of the true contraction potential of the ultrasonographic muscles. 6 The relaxed and clenched conditions under which the ultrasonographic measurements were made were based on subjective criteria and were difficult to control hence twice measurements were done bilaterally with a gap of 5 minutes.
The results of this study showed that there is a large variation in masseter muscle thickness among individuals, during both relaxation and contraction. Interindividual differences in the cross-section of the masseter muscle may be due to variable number of muscle fibers, variation in fiber size or both. A strong correlation was found between vertical facial pattern and MMT, indicating that individuals with a thin masseter have a relatively longer face (Tables 3 and 4) . These results were found to be in agreement with previous studies which have shown that the masseter muscle is especially thick in shortface individuals. [5] [6] [7] 15, 16 Also, a significant difference was found in MMT between males and females in hypodivergents and normodivergents with male having higher measurements than females whereas in hyperdivergent subjects males have higher measurements than females but the MMT was not found to be significant (Tables 6 and 7) . These results also were in accordance with the previous studies. 5, 6, 15 Thus, the present study strengthens the previous studies done on subjects assessing the relation of MMT with different mandibular growth pattern.
CONCLUSION
Ultrasonography of the masseter muscle was found to be a relatively simple, rapid and reproducible method of accurately measuring muscle thickness, as long as the operator adheres to a strict imaging protocol and avoids excessive pressure with the transducer. The results showed a significant association between vertical facial pattern and MMT. Thus, the null hypothesis assumed in the beginning of study was rejected. There is insufficient information detailing what influence do the masticatory muscles exert on the maxilla? Also, the effect of jaw and facial expression muscle thickness on the dimensional and structural characteristics of the posterior and anterior alveolar bone should be investigated in further studies.
